We examined the pathological effects of preoperative neoadjuvant chemotherapy (NAC) and the expression of markers of apoptosis, epithelial-to-mesenchymal transition (EMT) and cancer stem cells in resected pancreatic cancer specimens from patients treated with gemcitabine as NAC. Immunohistochemical expression of the apoptosis marker M30, EMT marker Snail and stem cell marker CD44 in surgically resected pancreatic cancer specimens were compared between patients treated (NAC group n=13) and not treated (control group n=21) with gemcitabine. In the NAC group, the tumor specimens showed tumor cell injury; however, there was no significant reduction of serosal, retroperitoneal, perineural or vascular invasion, lymph node metastasis or tumor size. The expression frequencies of M30 and CD44 were significantly higher in the NAC group (61.5 and 53.8%) compared to the control group (9.5 and 14.3%); however, no significant difference in Snail expression was noted between the two groups (53.8 versus 42.9%). Gemcitabine induced apoptosis of pancreatic cancer cells in vivo; however, it did not reduce the tumor burden. Moreover, the residual cancer tissues were rich in chemoresistant cancer stem cells. By contrast, marked EMT of cancer cells was observed in the specimens from the groups treated and not treated with gemcitabine.
Introduction
Pancreatic cancer is one of the leading causes of cancer-related mortality worldwide (1) . The 5-year survival rate of patients with pancreatic cancer is only approximately 4 to 5%; therefore, the mortality rate is almost on par with the incidence rate (2) . Resectability is considered as the most significant prognostic factor (3, 4) . However, even after curative resection, the 5-year survival rate is only 10 to 25%, seemingly due to the high rates of local recurrence, liver metastasis, lymph node recurrence and peritoneal dissemination (5) . Gemcitabine, a pyrimidine analog, was launched in 1996, and has been used as the first-line agent for the treatment of pancreatic cancer (6) . Recently, the efficacies of adjuvant and neoadjuvant chemotherapy (NAC) with gemcitabine for pancreatic cancer were reported (7, 8) .
Chemotherapy and radiotherapy is known to induce apoptotic cell death in malignant tumors (9) . In addition, it has recently been reported that anti-cancer treatments may also induce epithelial-to-mesenchymal transition (EMT) in cancer cells, which may play an important role in the aggressive behavior of tumors (10) (11) (12) . Previous studies in solid tumor cell lines have linked the development of chemoresistance to the occurrence of EMT (10, 13) . EMT is a key event in the tumor invasion process, whereby epithelial cell layers lose polarity and cell-cell contacts and undergo a marked remode ling of the cytoskeleton (14) . Among the hallmarks of EMT are the loss of E-cadherin (14) , expression of N-cadherin, the so-called cadherin switch (15) , expression of vimentin, a mesenchymal marker, nuclear translocation of β-catenin, and increased production of transcription factors, including Snail, Twist and Slug (16) . Although the precise mechanisms underlying these alterations are unknown, they appear to be linked to alterations in β-catenin signaling, and E-cadherin functions, and activation of the transcription factors Twist, Slug, and/or Snail (16, 17) . Shah et al demonstrated an increased number of cancer stem cells, which show aggressive behavior and EMT in a gemcitabine-resistant pancreatic cancer cell population (13) .
Accumulating evidence suggests that pancreatic stromal cells promote the progression and EMT of pancreatic cancer by increasing cancer cell proliferation and invasion as well as by protecting the cells from radiation-and gemcitabineinduced apoptosis (18) . There are a number of reports on the induction of chemoresistance linked to EMT and cancer stem cells in vitro. In stromal-rich tumors, such as scirrhous gastric cancer and pancreatic cancer, the correlation between the tumor and stromal cells is particularly important. However, there is at present no evidence on the expression of EMT and stem cell markers in pancreatic cancer cells following chemotherapy in vivo.
In this study, we comparatively evaluated the expression of the apoptosis marker M30 (caspase-cleaved cytokeratin 18 fragments), EMT marker Snail and stem cell marker CD44 in resected pancreatic cancer specimens from patients administered, and those not administered, preoperative NAC with gemcitabine.
Material and methods
Patients. Between January 2005 and December 2010, 34 pancreatic ductal adenocarcinoma patients (21 males and 13 females) underwent surgery at the Department of Gastroenterologic Surgery, Kanazawa University Hospital (Kanazawa, Japan). Among them, 13 patients received preoperative chemotherapy with gemcitabine (NAC group). During the same period, 21 patients did not receive preoperative chemotherapy but underwent surgery (control group). Written informed consent was obtained from all 34 patients prior to their enrollment in the study, and the treatment was undertaken with the approval of the local medical ethics committee.
Pathological specimens. Formalin-fixed and paraffinembedded specimens were retrieved from the surgical pathology files of the Pathology Department of Kanazawa University Hospital. The grading system of Evans et al (19) was used to determine the pathological effects of preoperative chemotherapy. The number of cytological changes and the amount of destruction of the tumor were graded on a scale of I-IV, as follows: grade I, characteristic cytological changes of malignancy are present, but little (<10%) or no tumor cell destruction is evident; grade IIa, destruction of 10-50% of the tumor cells; grade IIb, destruction of 51-90% of tumor cells; grade III, few (<10%) viable-appearing tumor cells are present; grade IIIM, sizable pools of mucin are present; grade IV, no viable tumor cells are present; grade IVM, acellular pools of mucin are present.
Immunohistochemical examination. For immunohistochemical staining, the Dako Envision system, which uses dextran polymers conjugated with horseradish peroxidase (Dako, Carpinteria, CA, USA), was employed to avoid any endogenous biotin contamination. Tissues were fixed with 10% formaldehyde in phosphate-buffered saline, embedded in paraffin, and cut into 5-µm tissue sections. The sections were deparaffinized in xylene and rehydrated in a graded ethanol series. Endogenous peroxidase was blocked by immersing the sections in 3% H 2 O 2 in 100% methanol for 20 min at room temperature. Antigen retrieval was achieved by microwaving sections at 95˚C for 10 min in 0.001 M citrate buffer (pH 6.7). After blocking the endogenous peroxidase, the sections were incubated with Protein Block Serum-Free (Dako) at room temperature for 10 min to block non-specific staining. The sections were then incubated for 2 h at room temperature with 1:50 diluted mouse monoclonal antibodies against M30 (Peviva, Bromma, Sweden), CD44 (Thermo Fisher Scientific Anatomical Pathology, Fremont, CA, USA) and Snail (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Peroxidase activity was detected with the enzyme substrate 3-amino-9ethyl carbazole. For the negative controls, the sections were incubated with Tris-buffered saline without the primary antibodies. Samples in which at least 10% of tumor cells were slightly counterstained with Meyer hematoxylin were defined as showing positive staining. The frequency of cells positive for each antibody was reported semi quantitatively as follows: (-), no reaction; (+), mild, with <30% of cells positive; (++), moderate, with 30-70% of cells positive; and (+++), marked, with >70% of cells positive. A positive expression was defined as staining of >30% of the cancer cells (++ or +++).
Statistical analysis. Categorical variables were compared using the Chi-square test. For statistical analysis, P values were calculated using a two-tailed test. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. Between January 2005 and December 2010, 34 pancreatic ductal adenocarcinoma patients (21 males and 13 females) underwent surgery. Among them, 13 patients, 7 males and 6 females, with an average age of 62.6 years (range, 51-77) underwent preoperative chemotherapy with gemcitabine (NAC group). During the same period, 21 pancreatic cancer patients who did not receive preoperative chemotherapy also underwent surgical resection (control group). These 21 patients comprised 14 male and 7 female patients, with an average age of 66.0 years (range, 52-80). The patient and tumor characteristics are shown in Table I . There were no significant differences in these characteristics between the two treatment groups.
Histopathological characteristics and pathological response.
The histopathological characteristics of the tumors in each group are shown in Table II . Nno significant differences were found with respect to the tumor size, invasion of the serosa, retroperitoneum, vessel or nerve, or lymph node metastasis between the NAC group and the control group. In the NAC group, the tumor specimens showed evidence of tumor cell injury, although, none of the patients exhibited a complete pathological response. The treatment effect was judged by Evans grading to be grade IIa in 11 patients and grade IIb in 2 patients.
Immunohistochemical examination.
Approximately 34 surgically resected specimens of pancreatic ductal adenocarcinoma were immunohistochemically examined for M30, CD44 and Snail expression (Table III) . The apoptosis marker M30 was mainly expressed in the nuclei of the cancer cells ( Fig. 1) . A positive M30 expression was found in 8 of the 13 cases (61.5%) of the NAC group and in 2 of the 21 cases (9.5%) of the control group; the differ-ence between the two groups was statistically significant (P=0.002).
The pancreatic cancer stem cell marker CD44 was mainly expressed in the cell surface and cytoplasm of a proportion of cancer cells (Fig. 2) . A positive CD44 expression was found in 7 of the 13 cases (53.8%) in the NAC group and in 3 of the 21 cases (14.3%) in the control group; the difference between the two groups was significant (P=0.02). There was no significant difference in the expression frequency of Snail between the NAC group and the control group. EMT, epithelial-to-mesenchymal transition; NAC, neoadjuvant chemotherapy.
The EMT marker Snail was mainly expressed in the nuclei and cytoplasm of the cancer cells ( Fig. 3) . A positive Snail expression was observed in 7 of the 13 cases (53.8%) in the NAC group, and in 9 of the 21 cases (42.9%) in the control group; the difference between two groups was not statistically significant. We also examined the expression of other EMT markers such as E-cadherin, N-cadherin and vimentin. However, no significant differences were found in the frequency of expression of these markers between the NAC group and the control group (data not shown).
Discussion
Despite the rapid advances in diagnostic and surgical techniques, the prognosis of pancreatic cancer remains dismal. Pancreatic ductal adenocarcinoma is characterized by its high malignant potential, showing rapid progression, early metastasis, and limited response to chemotherapy and radiotherapy (18) . The efficacies of adjuvant and neoadjuvant chemotherapy with gemcitabine for pancreatic cancer (7, 8) and the induction of apoptotic cell death in vitro by chemotherapy and radiotherapy in malignant tumors (9) were reported. Caspase-mediated cleavage of the cytokeratin 18 (CK18) contributes to the degradation of the intracellular cytoskeleton if epithelial cells undergo apoptosis. Recently, plasma caspase-cleaved CK18 fragments (M30) have been reported as specific apoptosis markers and have important clinical biomarker utility (20) . In this study, all tumor specimens showed evidence of tumor cell injury following preoperative gemcitabine chemotherapy, and significantly higher expression levels of the apoptosis marker M30 were detected in the NAC group as compared with those in the control group. This finding suggests that gemcitabine induces apoptosis in pancreatic cancer in vivo.
By contrast, gemcitabine-resistant pancreatic tumor cells are more invasive, and show increased migratory potential and increased expression levels of the stem cell marker CD44 (21) . It has been reported that chemoradiation-resistant pancreatic cancer cells are similar to cancer stem cells and undergo EMT, suggesting a possible link between chemoradiation resistance-induced EMT and generation of cancer stem cells (13) . Moreover, cancer cells showing expression of the stem cell marker CD44 have been reported to be responsible for gemcitabine resistance of pancreatic cancer (22) . In this study, the NAC group showed a significantly higher expression frequency of CD44 than the control group. In vivo pancreatic cancers resistant to gemcitabine are rich in cancer stem cells. In cases in which chemotherapy was effective (grade IIb), the majority of the residual tumor cells were found to be positive for CD44 expression.
The interaction between pancreatic cancer cells and stromal cells, such as pancreatic stellate cells and myofibroblasts, is receiving increasing attention. Accumulating evidence suggests that pancreatic stellate cells promote the EMT of cancer cells and the progression of pancreatic cancer by increasing cancer cell proliferation/invasion and by protecting them from radiation-and gemcitabine-induced apoptosis (18, 23) . Such evidence may explain the limited response of pancreatic cancer in vivo to chemotherapy and radiotherapy. In the present study, the EMT marker Snail was detected at the same level in the NAC and control groups. It has been reported that Snail expression in pancreatic cancer is observed in approximately 36% of the cells, and that over-expression of Snail increases chemoresistance (24) . These results suggest that EMT is induced in pancreatic cancer cells, irrespective of whether the patient receives chemotherapy or not, and the interaction between cancer cells and stromal cells assumes a crucial role in pancreatic cancer.
In the NAC group, the tumor specimens showed evidence of tumor cell injury; however, there were no cases showing a complete pathological response. Furthermore, preoperative chemotherapy with gemcitabine did not result in any significant reduction of serosal/retroperitoneal/perineural/ vascular invasion or lymph node metastases. These results indicate that preoperative chemotherapy for pancreatic cancer with gemcitabine is somewhat effective, but that it does not reduce the tumor burden or the required extent of resection. Therefore, chemoradiotherapy is frequently required for the treatment of unresectable pancreatic cancer (25) . Findings of a randomized clinical trial demonstrated that preoperative chemo-radiotherapy is effective for the local control of pancreatic cancer, but that additional radiotherapy tended to increase distant metastasis (26) . Moreover, it is reported that several anti-cancer treatments are capable of inducing EMT in cancer tissues (10) (11) (12) .
In conclusion, preoperative chemotherapy with gemcitabine is effective for pancreatic cancer in vivo. However, this therapy does not result in any decrease of the tumor burden in tumors rich in cancer stem cells or in the required extent of surgical resection. Therefore, counter measures for cancer stem cells and EMT induced by stromal cells are important in pancreatic cancer treatment.
